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It is known that high-frequency and microwave methods of plasma heating are
quite promising, especially in large-scale plasma installations (see [1]). Al-
though the question of which wavelengths are better for plasma heating is not
80 obvious, 1t seems that from the point of view of plasma confinement it is
preferable to use short-wave heating. In fact, the coefficient of diffusion by
irregular oscillations is D ~ A% (A is a characteristic spatial scale on the
order of the wavelength), and therefore, other conditions being equal, large-
scale diffusion (and also convection) streams lead to a faster escape of parti-
cles and heat from the plasma installation.

The plasma-beam system is convenient for the study of the heating problem,
owing to the excitation of a wide class of low-frequency oscillations and to the
possibility of contrelling thelr spectrum [2, 3]. It therefore becomes possible
to use the same setup to determine the relative roles of different sections of
the oscillation spectrum in plasma heating. It follows from the experimental
results that low-frequency oscillations, and particularly drift oscillations,
develop in a plasma-beam discharge in addition to the high-frequency oscilla-
tions, and lead to losses of rarticles and of heat with a time rate close to the
Bohm time (see [3]). This agrees both with the theory of cascaded instability
development and with the theory of threshold excitation of low-frequency oscil-
lations by high-frequency ones (see [4 - 6]). It should be noted that the
theory of cascade excitation of instabilities 1s applicable at an arbitrary
ratio of the real and imaginary values of the frequency w.

The growth of the effective collision frequency of the electrons with ir-
regular pulsations ve eff leads to loss of plasma stability [4] and can, for the

same reason, also lower the thresholds of parametric excitation of low-frequency
instabilities; the order of magnitude of Ve eff in an inhomogeneous magnetized

plasma reaches large values (thus, upon development of lon-acoustic instability,
Ve orr ¥ wo (W/P), where W 1s the noise energy and P is the plasma pressure [T7]).

If the ions are effectively scattered by pulsations of sufficiently high fre-
guency, as for example in the case of excitation of oscillations in the lower
hybrid resonance range, then we can apparently expect the appearance of drift
modes, since the ion-ion viscosity stabilizes the drift-dissipative instability
[81. We note also that when oscillations develop in the lower hybrid range we
can expect also changes of Ve.eff? since, as shown by experiment, the ion-

acoustic instability is also suppressed in this case [3].

We present below experimental results that confirm the predominant energy
absorption by plasma ions in the region of the lower hybrid resonance w? =

wiwe/[l + (wé/wé)] in comparison with heating by oscillations with w g Wy (wo,

Wg > and wy are respectively the electron-plasma, electron-cyclotron, and ion-

cyclotron frequencies). A strictly defined oscillation mode was established
by the methods given in [3]. The experimental setup is described in [9]. We
used a continuous electron beam of 100 mA current and 5 keV energy in a
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homogeneous magnetic field of 2 kOe, and the beam produced a plasma of density
(1 - 5) x 10'! em™®. The low-frequency oscillations (0.0l - 30 MHz) were ex-
cited by low-frequency amplitude modulation of the 3-GHz high-frequency signal
used to modulate the electron beam. In addition, the method of modulating with
two high-frequency signals [3] was used. The high-frequency and low-frequency
oscillations were picked up by probes and analyzed. The energy spectrum of the
plasma ions escaping along the electron beam was investigated with an electro-
static analyzer.

The experiment has shown that the maximum contribution to the energy absorp-
tion by the ions 1s made by oscillations near the ion-cyclotron frequency f =
0.072 MHz and the lower hybrid resonance f = 20 MHz. Figure 1 shows the depen-
dence of the lon energy on the square of the oscillation amplitude in the re-
gion of w; 5 from which it follows that at low amplitudes the ion energy in-

creases linearly, but starting with a certain value Acr the increase slows down.

When this "threshold" amplitude is exceeded, drift waves are excited, followed

by relaxation oscillations [3]. Figure 2 shows the ion energy spectra (right-

hand oscillograms), following excitation at the lower hybrid frequency, as func-
tions of the oscillation amplitudes (left-
hand oscillograms). Another characteristic

%;mm@ec feature is that excitation of oscillations
ﬂ:g7“' LERLINL L B B ROLIRR A L B I L L B at the lower hybrid frequency and at the
§F 3 same amplitudes as the ion-cyclotron fre-
aj ° b gquency produced no break on the plot of the
R 4 energy against the square of the amplitude.
ik ] The width of the energy spectrum turns out
to be much larger than in the case of exci-
L i tation at the ion-cyclotron frequency.
sE ] Figure 3 shows the experimentally obtained
fr . frequency dependence of the phase veloclty
4t 4 and confirms that the region X20MHz corre-
B . sponds to a fast magnetosonic wave.
IS 4
The results of the experiments agree
/4 TN SRR N SR R with the premise that it is most effective
5 " 5 7] 5 f, MHz

to accelerate and heat ions by oscillations
that cause little transverse diffusion and
Fig. 3 thermal conductivity (we see that the ion
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energy is lower when drift oscillations are excited). It is of interest to
carry out similar experiments not only in a plasma-beam discharge. Direct meas-
urement of the effective collision frequencies is also of importance.

The authors are grateful to A.S. Bakai for a discussion of the results and
to L.I. Bolotin for interest in the work.
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An investigation of transport phenomena in liquid helium near TA is of un-

doubted interest for a wide circle of problems connected with phase-transition
physics. However, the available experimental data are insufficient for an un-
ambiguous clarification of the physical picture of the phenomenon [1 - 5]. At
the same time, the large cross section for the absorption of thermal neutrons by
He® nuclei makes it possible to obtain direct data on the mass transport of the
isotope in relatively weak solutions (~1%) [6].

The measurement principle consists of the following: a capillary filled
with liquid He" is connected at a definite instant of time to a ~1% solution of
an He®-Hel mixture with a volume 200 - 300 times the volume of the capillary.
The entire system is at a specified temperature, and the amount of He? passing
through the capillary during the mass-transport process 1is determined from the
change of the intensity of the neutron beam penetrating through it:

71, = exp( - oN), (1)

where I, and I are the intensities at the initial instant of time (t = 0) and at
the instant of time t, respectively, N is the total number of He® atoms that
have entered the investigated volume by the time t, and ¢ is the cross section
for the thermal-neutron absorption by the He?® nuclei. High sensitivity of the
method is ensured by the very large value of 0, which is directly proportiona

to the wavelength A of the neutron radiation and in our concrete case (A = 4 RA)
reaches 1.2 x 10* b. The remaining effects of scattering and absorption in the
investigated mixture amounted to ~5 b.
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